Summary: In order to find whether presynaptic inhibition of tooth pulp afferents is enhanced in any phase of sleep or wakefulness, the orthodromic mass response of the trigeminal nucleus to electrical stimulation of the ipsilateral tooth pulp and the antidromic mass response of the tooth pulp to stimulation of the trigeminal nucleus were recorded in the cat. Both responses were stable in amplitude during different phases of sleep and wakefulness, However, attenuation of the orthodromic response and augmentation of the antidromic one were sometimes observed during the burst of rapid eye movements during paradoxical sleep, suggesting that presynaptic inhibition is massively enhanced only on those occasions,
Summary: In order to find whether presynaptic inhibition of tooth pulp afferents is enhanced in any phase of sleep or wakefulness, the orthodromic mass response of the trigeminal nucleus to electrical stimulation of the ipsilateral tooth pulp and the antidromic mass response of the tooth pulp to stimulation of the trigeminal nucleus were recorded in the cat. Both responses were stable in amplitude during different phases of sleep and wakefulness, However, attenuation of the orthodromic response and augmentation of the antidromic one were sometimes observed during the burst of rapid eye movements during paradoxical sleep, suggesting that presynaptic inhibition is massively enhanced only on those occasions, Key Words: Tooth pulp-Pain-Trigeminal nucleus-Presynaptic inhibition-REM sleep, Excitation of the tooth pulp afferents in man almost always evokes pain (Azerad and Woda, 1977) . These afferents in experimental animals, as in man, are composed of AS and C fibers (Graf and Hjelmquist, 1955; Beasley and Holland, 1978) , For these reasons, the tooth pulp afferent is often utilized in the study of pain. Evidence for the presence of primary afferent depolarization and presynaptic inhibition at the trigeminal sensory complex has been demonstrated (Davies et aI., 1971; Dubner and Sessle, 1971; Nakamura et aL, 1974; Browne and Goldberg, 1977; Lisney, 1979) . However, the experiments have been conducted on anesthetized animals, It is not certain whether the mechanism operates significantly in normal animals in a drug-free condition. The aim of the present experiment was to discover a physiological state in which presynaptic inhibition might be enhanced, During paradoxical sleep (PS), presynaptic inhibition is enhanced at many relay stations of different sensory modalities (Gassel et aI., 1964; Iwama et aI., 1966) . Terminal excitability of the primary tooth pulp afferents and the orthodromic responsiveness of the trigeminal neuron pool were tested in cats exhibiting a natural sleep-wakefulness cycle.
METHODS
Surgery under aseptic conditions was performed on 4 adult cats under intraperitoneal pentobarbital anesthesia (45 mg/kg). The maxillary canine tooth was drilled unilaterally at two sites approximately 1 mm apart from each other on the labial side. Drilling of the dentin was terminated when a pink spot appeared. Teflon-coated silver wires were bared 0.5 mm from their tips, which were pressed into the drilled holes and used as stimulating and recording electrodes. They were secured to the dentin with dental acrylic and passed subcutaneously onto the skull to be soldered to the connecting socket. Insulation and adequate positioning of the tooth electrodes were judged from the low current intensity required for eliciting the jaw opening reflex (Mahan and Anderson, 1970) without any visible movement of the vibrissae and facial musculature. Two insulated stainless steel wires, 0.1 mm in diameter, were glued together to form a parallel, bipolar electrode having an intertip distance of 0.5 mm. This electrode was inserted stereotactically into the trigeminal nucleus on the same side as the stimulated tooth. The electrode was implanted chronically at the place where it could evoke antidromic response in the tooth and pick up orthodromic response on stimulation of the tooth. In order to monitor different phases of sleep and wakefulness, screw electrodes were placed in the bilateral frontal sinuses and calvaria to record eye movements and electroencephalogram, respectively. Vinyl-coated wires were implanted in the nuchal muscles to record the electromyogram. All leads were soldered to a mUlti-pin socket which was fixed to the skull with acrylic resin. The data were stored on FM tapes with a 5 kHz frequency response. After the experiment, the tip position of the trigeminal electrode was examined histologically on serial sections stained by the method of Kluver-Barrera.
RESULTS AND DISCUSSION
Recording was started about 1 week after the implantation. The freely moving animal was housed in a small cage. Rectangular pulses of 0.01 msec duration, which were delivered to the tooth every 1-2 sec at an intensity of 0.3-0.7 mA, evoked orthodromic response of the trigeminal neuron pool. The intensity was at or slightly above the threshold for the jaw-opening reflex. At this intensity the animal did not exhibit any sign of pain, and its sleep-wakefulness pattern was indistinguishable from the control. Inter-stimulus intervals shorter than 1 sec were not used for ethical reasons. The orthodromic response, recorded bipolarly, was largest in amplitude in, or in the vicinity of, the subnucleus oralis of the spinal tract nucleus. In agreement with Davies et al. (1971) , the latency and duration of the response were about 2.0 and 5.0 msec, respectively.
The mean amplitudes of the orthodromic responses during wakefulness (W), slow wave sleep (SS), and PS without rapid eye movement (REM) were almost identical (Fig. lA) . The fluctuation in amplitude of individual responses was usually within 9% of the mean amplitude, with occasional variation up to 15%. At the moment of the REM burst, however, the amplitude of the response was occasionally, but not always, reduced by 30-50% (Fig. lB) . This effect was observed in 30.4% of the cases of REM during which the tooth was stimulated.
After recording orthodromic responses for several sleep-wakefulness cycles, the stimulating and recording sites were reversed to obtain antidromic response from the tooth. The trigeminal nucleus was stimulated at an intensity of 120% of the threshold current for the antidromic response (usually 0.03 -0.04 rnA). The latency of bipolarly recorded response was between 1.4 and 1.5 msec, and the mean amplitude of the response was almost identical during W, SS, and PS without REM. The fluctuation in amplitude of individual responses was less than 5% of the mean. However, during the REM burst, the amplitude was occasionally increased by 20-30% (Fig. Ie) . The enhancement was observed in 36.3% of the cases of REM during which the trigeminal nucleus was stimulated.
Although the animals did not show signs of pain at the stimulation intensity employed in the present experiment, more intense stimulation, which was tested only once for ethical reasons, provoked escape behavior. Therefore, the present experiment can be regarded as dealing with the pain system at an intensity subthreshold to perception. Impairment of signal transmission and enhancement of primary afferent depolarization were only occasionally detectable at the moment of REM bursts during PS. The mechanism responsible for the attenuation of orthodromic response may be either presynaptic and/or postsynaptic. Occlusion at the secondorder neuron is also possible. Although terminal excitability and orthodromic responsiveness could not be tested simultaneously, the results seem to suggest that during bursts of REM, presynaptic inhibition can be enhanced by depolarizing different terminals in a more synchronous manner or in a greater number than during other states.
